The goal of this study is to estimate the effects of low-level laser irradiation (LLLI) on the superovulatory response according to the number of corpora lutea (CL), follicles (F) and the embryo yield. In recent years, while searching for new, more efficient and organic methods to improve superovulatory response and embryo yield with respect to the conventional methods, low-level laser irradiation (LLLI) is a more sensitive and less costly technology that can be used to improve animal reproduction, namely, artificial insemination and the embryo production system. The dairy-cow donors were treated for superovulation with Pluset ® , at any time during the oestrus cycle, and the total dose per donor was 700 IU. The first group of the donors (n=25), test group (TG), was irradiated on the sacroiliac area for 180 seconds per day, from the 1 st to 11 th superovulatory treatment (ST) days in a row, with LLLI in the 870-970-nm wavelength, 65.93 J/cm dose, frequencies in the 20-2000 Hz range and pulse durations commonly in the range of about 1 second. For the second control group (CG) (n=25), the ST was performed without LLLI. After the ST, The mean number of CL in the right side ovaries in the TG was 25.43% (p<0.05) greater than in those of the CG. The number of total recovered and transferable embryos was greater in the TG compared with the CG by 28.97% (p<0.05) and 15.8% (p>0.05), respectively. With respect to conventional methods, LLLI can be used to improve the superovulatory response and embryo yield as a supplementary environment and animal-friendly method of treatment.
Introduction
According to Tonhati et al. (1999) , the superovulatory response is not a heritable trait, thus the future response cannot be predicted from the previous response, and environmental factors play a large role regarding variability in the superovulatory response. Extreme variability in the superovula-Correspondence to: R. Antanaitis, e-mail: ramunas.antanaitis@lsmuni.lt, tel.: +370 67349 064 tory response is a major limitation in the profitable and efficient implementation of embryo technology in cattle (Keller et al. 1990 ). According to Looney (1986) , in a study conducted on 2048 donor cows, 70% of the embryos were collected from only 30% of the donors. Similar variability was reported for a group of more than 900 dairy cows (Lerner et al. 1986 ).
In recent years, while searching for new, more efficient and organic methods of treatment and prophylaxis, there have been profound discussions about light therapy and a promising method, namely low-level laser irradiation (LLLI). Cell proliferation is a very important physiological effect for the low-level laser irradiation used in clinical practice. Increased proliferation after LLLI has been shown in many cell types in vitro, including fibroblasts from different systems (Kreisler et al. 2002) , keratinocytes (Grossman et al. 1998) , human osteoblasts (Stein et al. 2005) , calvaria osteoblast-like cells, mesenchymal stem cells and cardiac stem cells (Tuby et al. 2007 ), rat Schwann cells (Van Breugel et al. 2003) , aortic smooth muscle cells (Gavish et al. 2006 ), endothelial cells from veins (Schindl et al. 2003 ) and arteries (Kipshidze et al. 2001) , quiescent satellite cells (Ben-Dov et al. 1999) , human lung adenocarcinoma cells (Shefer et al. 2002) and HeLa cells (Zhang et al. 2008) . Various mechanisms for the mitogenic effects of low power laser irradiation have been proposed, including ligand-free dimerization and activation of specific receptors that are in the "right energetic state" to accept the laser energy, leading to their autophosphorylation and downstream effects (Zhang et al. 2008) , activation of calcium channels resulting in increased intracellular calcium concentration and cell proliferation (Breitbart et al. 1996) . Red to near infrared light is thought to be absorbed by mitochondrial respiratory chain components, resulting in the increase of reactive oxygen species and adenosine triphosphat, and initiating a signalling cascade which promotes cellular proliferation and cytoprotection (Tuby et al. 2007 ). Following increased ATP and protein synthesis after LLLI, the expressions of growth factors and cytokines increase and ultimately lead to cell proliferation (Hu W-P et al. 2007 ). However, the mechanisms of cell proliferation induced by LLLI are poorly understood (Gao and Da Xing 2009) . Some investigators have claimed to find "systemic" rather than simply "local" effects, but many studies fail to show either local or systemic benefit. Currently, no universally accepted theory has explained the mechanism of either "laser analgesia" or "laser biostimulation". (Basford 1986 ) Based on a special mechanism of electromagnetic emission, LLLI affects cell metabolism, stimulates regeneration, reduces pain, inflammation and improves structural characteristics, and has been proven effective in different cell types (Karu et al. 2010) . LLLI is characterized by its ability to induce athermic, nondestructive photobiological processes. The mechanisms of LLLI action have been studied and identified with regard to the reduction of pain and inflamma-tion and the healing of tissue (Pryor and Millis 2015) . The exploitation of LLLI to improve the reproductive efficiency of sperm cells and the maturation rate in different livestock has been demonstrated by various researchers. The first studies investigating the fact that the LLLI of spermatozoa can increase sperm motility date back to 1984 (Karu 2012) . According to Jaffaldano et al. (2010) , LLLI increased the sperm motility index, viability, and cell energy charge, and could be useful for improving the quality of semen.
The laser irradiation introduces photonic energy into a biological system, which is converted to ATP and may be then available for cellular metabolism. In this context, the dose of irradiation is an essential parameter for the success of laser therapy, since if insufficient energy is applied, no effect will be observed. On the other hand, if more energy is applied, the biostimulation may disappear and be replaced by bioinhibition (AlGhamdi et al. 2012) . LLLI was also able to increase the amount of ATP produced by cell lines maintained in vitro, demonstrating the intense action in cellular metabolism (Magrini et al. 2012) .
It has been shown that lasers show up in the field of livestock reproduction as an easy, time saving, less costly and effective technique in addition to having the possibility of its use in situ, namely in cattle farms and veterinary clinics (Abden-Salam et al. 2015) . Generally, the mechanism of laser beam impact on living tissue is unclear. For the increment of production systems, LLLI, also known as photobiomodulation, arises as a new alternative (AlGhamdi et al. 2012) . In new approaches, three physical effects exist in laser-tissue interactions: reflection, absorption and scattering (Niemz 2013) .
In earlier studies, we positively evaluated the action of laser irradiation on the health of dairy cows; the efficiency of LLLI is comparable to that of antibiotic therapy in the prophylaxis and the treatment of endometritis in cows (Žilaitis et al. 2013) .
Therefore, in this study we wanted to extend the research and determine the possibility of using LLLI to increase the superovulatory response and embryo yield of dairy-cow donors. The goal of the study was to estimate the effects of LLLI on the superovulatory response according to the ovary surface area, the number of corpora lutea (CL), follicles (F) and the embryo yield.
Materials and Methods
Our research was carried out on 50 dairy cows: clinically healthy holsteinizated Lithuanian Black and White cows held in a loose-housing system that had calved 75-90 days before with a productivity of 9.500-10.500 kg during the previous lactation. The donors were fed with feed rationally adequate for their physiological needs.
For the purposes of the study, only cows with corpus lutea (CL) larger than 10 mm and no follicle (F) larger than 10 mm in the right or left ovary were selected before starting the superovulatory treatment.
The donors were treated for superovulation with Pluset ® (follicle stimulating hormone (FSH) and luteinizing hormone (LH) in the ratio 1:1; Laboratorios Calier, S.A., Barselona, Spain) at any time during the oestrus cycle. As for the solution, 1 mL of Pluset ® contained 35 IU FSH and 35 IU LH, and the total dose per donor was 700 IU.
The superovulatory treatment was induced according to the following scheme (Table 1) (Lafri et al. 2002 , Seidel et al. 2003 .
The cows were divided into two groups: A test group (TG) of 25 cows (was subjected to LLLI) and a control group (CG) of 25 cows was treated for superovulation with a conventional method without LLLI. The sacroiliac area of each TG cow was irradiated for 180 sec per day (by recommendation of the producer) one hour after each insemination in a row with LLLI in the 870-970-nm wavelength range, 65.93 J/cm dose, frequencies in the 20-2000 Hz range and pulse durations commonly in the range of about one second. (Other main parameters: maximal irradiation power 1.5 W, enlargement of bean (degree) 10x50, spot area at a distance of 100 mm from the surface is 15x90 mm. Weight of device -780 g, measurements -720x40x20 mm). The insemination was performed on days 10-11 according to the oestrus signs (twice with an interval of 12 hours). The embryos were collected after 7 days, using a nonsurgical embryo recovery method with a Rusch catheter. The embryos were flushed with a BoviFlush medium with BSA and antibiotics manufactured by Minitube, Germany. For each flushing we used 1000 mL of medium per donor.
On day 1 (the day of the initiation of the superovulatory treatment), before inserting the implant Pride of Progesterone (CIDR ® , Pfizer, Inc.) and on day 18 when the embryos were recovered, the ovaries were scanned and the number and size of ovarian structures (F and CL) was determined using Digital Diagnostic Ultrasound Devices (HG 9300, Caresono Technology Co., Ltd) with a 7 MHz rectal transducer.
On day 18, the response to the superovulatory treatment was determined according to the number of CL (> 10 mm), F (> 10 mm), the ovary surface area, and the total and transferable embryo yield. The ovaries were measured at their largest diameter and the ovarian surface area (ovary size) was calculated by multiplying the length and the width.
The descriptive statistic of the sample (arithmetic mean ± standard error) was calculated using an SPSS statistical package (SPSS for Windows 15.0, SPSS Inc., Chicago, IL, USA, 2006) . Statistical analysis of the data was carried out using the T test. The data were considered statistically significant when p<0.05. 
Results
For the TG cows, after superovulation it was estimated that in the ovaries, the mean number of F (10 mm) was lower in comparison with the CG. The average total number of F in the TG was 10.8% less than the mean total number of F in the ovaries of the CG donors (Table 2) .
According to the number of CL after superovulation, the TG donors showed a stronger response to the superovulatory treatment in comparison with the CG donors. In the TG, the number of CL was 20.44% (p<0.05) greater than the number of CL in the ovaries of the CG donors. The number of CL in the right side ovaries in the TG was 25.4% (p<0.05) greater than in those of the CG, and in the left side ovaries of the TG, it was 13.25% (p>0.05) greater than in the CG (Table 3) .
The response to the superovulatory treatment according to the mean number of total recovered embryos in the TG donors was 28.92% (p<0.05) larger compared to the CG donors (6.81±3.14 and 5.28±2.96). On the average, the TG donors yielded 15.8% (p>0.05) more transferable embryos as compared with the CG donors (4.31±2.4 and 3.72±2.38), but the ratio of transferable embryos as compared with the total recovered embryos in the TG was 0.63, and was 10.0% less than in the CG. This means that in the TG, the average total and transferable number of embryos washed was bigger; however, the percentage of embryos suitable for transplantation was smaller in comparison with the CG.
Discussion
The implementation of embryo technologies is primarily driven by the need to increase the number of offspring from genetically valuable animals. For this reason, the number of embryos per session is an important parameter reflecting the success of a production procedure (Merton et al. 2003) . The major limitation on the development of embryo production in cattle is the wide variability between animals in the ovulatory response to FSH-induced superovulation (Rico et al. 2009 ).
In the ovaries on both sides of the TG donors, we estimated a 12.28% smaller average total number of F (>10 mm) in comparison with the CG. We have found a link between this fact and a positive LLLI effect on the oocytes and ovulation process.
The biological mechanisms of the LLLI interaction are not totally known, but it can be said that at the molecular level, the activation of certain receptors and messengers determine universal biological responses (Corral -Baques et al. 2009 ). Depending on the wavelength, dosage, and condition of the irradiated tissue, the laser can induce an anti-inflammatory effect, reducing pain, and accelerating cell proliferation (Manchini et al. 2014) . Based on a special mechanism of electromagnetic emission, LLLI may increase cellular metabolism and improve structural characteristics, which has been proven effective in different cell types (AlGhamdi et al. 2012) . Several modifications occur during oocyte maturation, necessary for the acquisition of the ability to undergo fertilization and embryo development. Most of these changes are driven by the granulosa cells, which present a direct communication to the oocyte via gap junctions (Canipari 2000) .
There are a few studies concerning the effects of lasers on oocyte maturation. Soares et al. (2014) used lasers to irradiate bovine oocytes. According to these authors, the laser is capable of modulating events in granulosa cells that may lead to changes in oocytes. Research indicates that the mechanisms involved in laser interaction with cells are due to photon absorption by cellular photoreceptors that trigger chemical reactions such as glycolysis and oxidative phosphorylation. This could accelerate RNA transcription and DNA replication (Abdel-Salam et al. 2015) . LLLI is an efficient tool to modulate the granulosa cells and oocyte metabolism (Soares et al 20104) .
Laser light can penetrate about 3.5 cm through bovine tissue samples (Hudson, 2013) . The ovaries of the treatment cows were deeper than 3.5 cm in the body, but a direct laser beam is unlikely to influence an ovary. Scientific data doesn't show evidence of the systemic benefit of a laser beam on living tissue.
The positive effect of LLLI for oocyte maturity and the ovulation process could lead to the ovulation of a larger number of F. Consequently, more CL was obtained in the TG compared with the CG. It should be noted that the positive LLLI effect applied not only to ovulation, but also to fertilization and early embryonic development, because in the TG, a larger number of oocytes were fertilized and more embryos recovered in comparison with the CG. Gavish et al. (2004) reported that photons from the laser irradiation are absorbed by proteins of the mitochondrial respiratory chain that convert this energy into chemical energy. They also described that in isolated mitochondria, the LLLI increased the mitochondrial membrane potential, the proton gradient, and the rate of ADP/ATP replacement. Gao and Xing (2009) reported that the LLLI can induce increased intracellular Ca28, as well as an increase in reactive oxygen species and cyclic-adenosine monophosphate (cAMP) resulting from an increase in mitochondrial activity. This increase of mitochondrial activity, in addition to the stimulatory effect of FSH (supplemented during IVM) in granulosa cells, seems to increase the cAMP levels, leading to a higher number of cells in the S-phase, G2, and M (committed to the cycle). The increased levels of cyclin B during maturation in this group could confirm this result, since cyclin is responsible for entry and progression to the M phase (Gavet and Pines 2010) .
Successful fertilization could be based on the fact that many studies have focused on a positive LLLI effect for bovine sperm motility parameters and a significant increase in the percentage of live sperm cells (Henrique et al. 2015) .
Conclusion
After superovulation, LLLI reduced the mean number of F, but increased the response to the superovulatory treatment with regard to the mean number of CL and total and transferable embryo yield. Without any doubt, the therapeutic and stimulating effect of LLLI seems promising, as LLLI has shown a positive effect on increasing the response to superovulatory treatment.
In summary, LLLI can be used for improving the superovulatory response and embryo yield as a supplementary environmental and animal-friendly method of treatment.
